in the column marked Earth Storable System.
The pro)ulsion system on NEAR, as given in Reference 2, includes three fuel tanks, two oxidizer ta_ks, and one pressurant tank along with these feed system components.
In the model, the mass injected by the launch vehicle is 805 kg. The The close agreement between the model and the actual propulsion system is predicated on several constants assumed in the model (as shown in Table 2 ). These constants serve to anchor the model and will remain fixed in subsequent propellant comparisons. Hydrocarbon fuels were selected against the criteria that they are liquid at both ground and near-Earth ambient space conditions. That is, those were selected that had a freezing point less than -45°C and a boiling point above 20°C. Table 3 shows the freezing and boiling points of all the propellants evaluated in this study. Note that the state-of-art NTO and N2H4 are liquid on the ground, but require heating in space t( prevent them from freezing.
Propellant Selection
Along with freezing point and boiling point data given in Table 3 , the propellant storage density is also given. The effect of this propellant storage density feeds into propellant storage volume and thus into propulsion system dry mass.
Another criteria that was used in the selection of propellants involved an assessment of its ease of handling. In addition to being stable and insendtive to shock, the propellants had to represent less of a toxicity hazard than the state-of-art l,ropellants. The rationale is that a less toxic propellant will require less costly procedures and apparatus for its handling. But, as discussed in Reference 7, the assessment of a propellar t's toxicity is not straightforward. In that study toxicity was based on the time weighted average (TWA) of the vapor concentration exposure limit (threshold level value) of the propellant Table 3 lists this TWA value for the propellants used in this study, as well as their carcinogenicity. These data were obtained from vendor supplied material safety data sheets, although for some propellants, no TWA data was supplied. Note that the state-of-art propellants are highly toxic and one (monomethylhydrazine) is listed as mutagenic. Note, also, that the metal hydride, diborane, violates both the Earth storable and toxicity criteria. It was selected as a high performance option.
The oxidizers chosen for evaluation are also shown in Table 3 . Liquid oxygen (LOX) was chosen because it has no toxicity limit, but it must be handled as a mild cryogen on Earth, as indicated by its low boiling point. In order to give a fair assessment of using LOX as the set at 94% of the ODK peak, are given in Table 5 . The ACS thruster performance estimates are also shown in the Table 5 and are based on a similar estimate for a 30:1 area ratio nozzle.
The ODF peak value is used for the propellant combination with diborane. About 9 sec is subtracted from this peak to be conservative..
Model Results
Model results are summarized in Table 6 and presente_ in terms of science payload in Figure 2 . The model of the SOA system predicts an injected satellite mass of 506.6 kg and a propulsion system dry mass of 120.4 kg. As discussed earlier, this is in good agreement with the actual flight system. The science payload mass is 55 kg leaving 315.4 kg for power, GN&C, and its associated structure. Some metrics on tle SOA propulsion system are obtained from the model. For example, a 1 sec increase in the tlLruster Isp (both axial and ACS) yields a 1 kg increase in the 55 kg science payload. A 7.7% i 1crease in propellant density (both oxidizer and fuel) delivers a 1 kg increase in payload by reducing propulsion system dry mass.
In order to increase the axial delta-V by 1%, 2.6 kg are subtracted from the science payload.
These metrics vary somewhat with propulsion system.
The model was used first to predict the effect of advanced engine technology on the NEAR propulsion system. Iridium-coated rhenium chamber materials are nearing maturity for use with Earth storable propellants, offering higher performance than state-of-art (SOA) silicide-coated niobium chambers. The use of an advar_ced rhenium engine 16, with an increase in performance to 328 sec, results in an injected satellite mass of 515.5 kg, a propulsion system dry mass of 117.7 kg, and a science payload of 67.0 kg. This gives a net increase in science payload of 12 kg, that is, a 22% increase over the baseline value of 55 kg.
The model was also used with a SOA NTO/MMH system with a 312 sec axial engine and a 293 sec ACS bipropellant engine. These ACS engines are readily available in the 22 N class but not in the 3.5 N class used for precision pointing.
Assuming that there is a GN&C solution to this issue, the use of this propulsion system could have added an additional 10.4 kg to the science payload for a total of 65.4 kg. This increase is due entirely to the increased performance of a bipropellant ACS system. This system must be used as a baseline for comparisons with the other bipropellant ACS systems used in this study.
Advanced NTO/MMH engines _7 have been demonstrated with 321 sec axial engine performance and 305 sec ACS performance. The use of these engines would add an additional 9.2 kg to the science payload for a total of 74.6 kg as noted in Table 6 .
A summary of model prediction results for the propellant combinations selected for evaluation in this study is given in Table 7 and also presented in terms of science payload in Figure 2 .
The first system is LOX/Hydrazine operating at SOA pressures with a monopropellant ACS system. 
The propulsion system dry mass as shown in

